Abstract: Two novel polyazines were successfully synthesized via palladiumcatalyzed Suzuki coupling method of N,N'-bis(5-bromothiophene)-2-aldehyd azine with 2,5-thiophenediboronic acid and 9,9-dioctylfluorene-2,7-diboronic acid, respectively. The polymers were characterized by 1 H-NMR, FT-IR and UV-VIS spectroscopy. The thermal properties of the polymers were investigated by TGA analysis. The semi-crystalline structure of these compounds was demonstrated by X-ray diffraction study.
Introduction
Aromatic polyazomethines (PAZs), also called poly(Schiff-base)s or polyimines, have been intensively studied [1] owing to their interesting properties: good thermal and environmental stability and mechanical strength [2] , non-linear optical properties [3] , ability to form metal chelates [4] , semiconducting properties [5] and fiber-forming properties [6] , which are associated mainly with their conjugated backbone and the presence of basic imine sites.
The classical synthetic methods reported for PAZs are mainly based on solution or melt polycondensation reactions between diamines or hydrazine and dialdehydes or diketones. However, the reaction is hard to control being an equilibrium reaction and gives undesirable by-products. Another reported method for synthesis of poly(Schiffbase)s is based on oxidative polymerization of monomers containing preformed azomethine groups and aromatic end-groups. The polymerization reaction takes place by chemical or electrochemical oxidation of aromatic ends of type: thiophene [7] , pyrrole [8] , naphthalene [9] , etc, to cation-radicals followed by their radical-radical coupling. Final polymers contain bis pyrrolediyl, bisthienyldiyl or bisnaphthyldiyl rings spaced by azomethine units. This method has the disadvantage that azomethine linkages being sensitive to oxidation and hydrolysis, the polymerization reaction is accompanied by side reactions, while polymers are obtained in doped state.
Recently, a new method for creation of the imine function in a polymer chain has been reported and is based on condensation reaction between dialdehydes and diazides [10] in presence of phosphorus (III) catalysts. The reaction is irreversible and allows obtaining of regioregular PAZs.
The modern strategies for synthesis of defect-free soluble poly(p-phenylene)s and polyheteroarylenes based upon nickel or palladium-mediated cross-coupling reactions (Yamamoto and Suzuki methods) have been applied for poly(Schiff-base)s synthesis starting from monomers with preformed azomethine groups, carrying bromine final atoms [11] . As a continuation of these research studies, in this article we report the synthesis and characterization of a polyazomethine containing terthiophene or thiophene-fluorene-thiophene rings linked by imine functions. A highly conjugated, stable and soluble polythiophenoazomethine consisting entirely of thiophene repeating units have been reported recently [12] .
Results and discussion
An azine compound containing bromine-substituted thiophene rings at both ends has been synthesized by condensation of hydrazine hydrate with thiophene-2 carboxaldehyde followed by N-bromsuccinimide bromination (Scheme 1). Its structure has been proved by FT-IR, 1 H-NMR and 13 C-NMR (see Experimental part). This monomer has been used for synthesis of polyazines by palladium-catalyzed Suzuki coupling reaction with 2,5-thiophene diboronic acid or 9,9-dioctylfluorene-2,7-diboronic acid (Scheme 2). Polyazines has been synthesized by solution polycondensation of equimolar mixtures of N,N'-bis(5-bromothiophene)-2-aldehyd azine (3) and two bis boronic acids (4, 5) (2,5-thiophene diboronic acid or 9,9-dioctylfluorene-2,7-diboronic acid) in presence Pd(PPh 3 ) 4 as catalyst and NaHCO 3 as base. The polycondensation reaction has been carried out at reflux, at boiling temperature of THF. In the final stage, all polymers have been purified by several precipitations in methanol and the precipitates have been filtered and dried. The structural characteristics of the polymers have been identified by 1 H NMR and FTIR spectroscopy. Figure 1 shows the 1 H NMR spectra of the polymers P-I and P-II. The aromatic and imine protons from the main chain can be identified and this is in good agreement with the proposed structures of the polymers. Thus, P-I shows signals only in the aromatic region, at 8.64 ppm (-CH=N-) and between 7.10-7.63 ppm (H 3 and H 4 from thiophene rings). The singlet at 7.27 ppm is due to CDCl 3 . P-II shows imine proton at 8.81 ppm while thiophene and fluorene protons are situated between 7.4-7.8 ppm. Moreover, in the aliphatic region of the polymer P-II spectrum one can also identify the peaks corresponding to the octyl groups (2.04, 1.56, 1.08 and 0.81 ppm) originating from the starting comonomer in the Suzuki polycondensation. The presence of the flexible alkyl groups as side substituents for the polymer gives a higher solubility to the conjugated chain. The position of imine signal for the two polymers with similar structures can give information about the conjugation length in the polymer chain. For instance, the imine proton of P-I is positioned at 8.64 ppm while for P-II at 8.81 ppm, and it indicates a better conjugation in P-II. Figure 2 shows the FTIR spectra of the bromine-ended monomer and of the corresponding polymers. The IR spectra of the monomer 3 contains a strong absorption band at 1608 cm -1 assigned to -CH=N-and 794 and 761 cm -1 due to the out-of-plane deformation of the C-H bonds in the 2,5-disubstituited thiophene rings. The peak at 561 cm -1 is present in the bromine-ended monomer and can be associated with the aromatic C-Br bond. With exception of the 561 cm -1 signal, all these bands have been preserved and very slightly modified as position and intensity in the polymers spectra. The band situated at 561 cm -1 has decreased in intensity due to its participation in polycondensation. The IR polymers spectra also present bands at 1606 cm -1 for P-I and 1604 cm -1 for P-II (ν -CH=N-); 790, 769 cm -1 for P-I and 798, 771 cm -1 for P-II (γ C-H 2,5-disubstituited thiophene rings); 561 cm -1 for P-I and 599 cm -1 for P-II (ν C-Br). The polymer carrying alkyl groups shows the absorption in the 2600-3000 cm -1 range, assigned to ν C-H (C 8 H 17 ).
The UV-visible absorption spectra of the monomer and polymers are presented in Figure 3 . As a general observation, all compounds show two major absorption bands in the range of 240-320 nm characteristic of the -* transitions in aromatic nuclei (K band), and absorptions at higher wavelengths (350-490 nm) can be attributed to -* and n-* transitions in imine groups conjugated with aromatic nuclei.
Fig. 1.
1 H NMR (CDCl 3 solvent) spectra of the polymers P-I and P-II. Fig. 2 . FTIR (KBr pellet) spectra of monomer 3 and polymers P-I and P-II.
Clear differences are observed from the electronic absorption spectra of monomers and polymers obtained by Pd-catalyzed reactions. The absorption maxima for the monomer 3 are positioned at 273 and 361 nm. Compared with the monomer, the corresponding polymers have UV spectra broadened and red-shifted and this can be determined by the more extended conjugation. The polymers are characterized by the absorption maximum at 448 nm (P-I) and 460, 482 nm (shoulder) (P-II). The absorption maximum of 3 at 273 nm is shifted at a longer wavelength for P-I (278 nm) and at a lower wavelength for P-II (254 nm). The absorption maximum at 361 nm is shifted at a longer wavelength for both polymers. A change in absorption intensities of polymers as compared with the monomers is observed. The differences between absorption maxima of P-I and P-II can be explained by their conjugation length. It is recognized that the imine group itself is nonplanar. The aromatic ring linked at -N= atom is out of the imine group plane with 40-55 o while aromatic ring linked at -CH= is out of plane with 10 o , but in opposite sense [13] . Thus, the extended conjugation is only between the imine nitrogens and terthiophene (P-I) or thiophene-fluorene-thiophene rings for P-II (Scheme 3). 
Fig. 3. UV-visible spectra of monomer (3) and polymers (P-I) and (P-II).

Thermal behaviour
Polyazines P-I and P-II have a good thermal stability in inert atmosphere until 276 (Figure 4) . The first degradation step can be assigned to the destruction of polymer chain and elimination of nitrogen; the calculated weight content in nitrogen of P-I is ~ 9.3 % while for P-II is 4.6 %. The residue at 800 o C is approximately the same (47-51 %) for both polymers, indicating quite similar thermal stability and making them candidates as precursors to nitrogen containing-ceramic materials. The X-ray diffraction patterns recorded at room temperature on powder polymers presented in Figure 5 are typical of semi-crystalline polymers [14] . The broad halo is characteristic to amorphous regions while sharp peaks are due to crystalline domains. The crystallinity of the polymers may be due to the presence of rigid imine linkage in the backbone. The d-spacings calculated from the X-ray diffraction analyses are shown in Table 1 . The alkyl side chain is considered to take a less stiff structure in the side space of the polymer main chain.
Conclusions
Two novel polyazine structures have been synthesized by palladium-catalyzed condensation of an azine monomer containing two bromine atoms and two bisboronic acids containing thiophene and fluorene moieties. Polymers are soluble in chlorinated, aromatic and protic solvents and have a good thermal stability.
Experimental part
Materials 2,5-Thiophenediboronic acid, 9,9-dioctylfluorene-2,7-diboronic acid, Pd(PPh 3 ) 4 , thiophene-2-aldehyde and hydrazine hydrate have been purchased from Aldrich and were used without further purification. Solvents: toluene and N,N`-dimethylformamide (DMF) (Fluka AG) were dried by usual methods while tetrahydrofuran (Aldrich), chloroform, methanol and ethanol (Romanian products) have been used as received.
Synthesis of monomer with Schiff base structure
Thiophene-2-aldehyd azine (2) was synthesized by condensation of thiophene-2-aldehyde (1) : 127.8, 130.0, 132.4, 138.9, 155.8 
N,N'-bis(5-bromothiophene)-2-aldehyd azine (3)
A one neck round bottom flask equipped with a magnetic stirrer was charged with 3g (13.6 mmol) of thiophene-2-aldehyd azine (2) and 10 ml DMF. The round bottom flask was introduced in an ice bath. NBS 5,1g (28.7 mmol) was added to the stirred mixture. The reaction mixture was stirred for 20 h at room temperature in the absence of light and then was poured in water. 
General procedure for Suzuki coupling
A 100 ml three neck round bottom flask equipped with a condenser, a septum, nitrogen inlet-outlet, and magnetic stirrer, was charged under nitrogen with 20 ml 1M NaHCO 3 solution and 30 ml of THF. The solvents were subject to bubbling nitrogen over a period of 30 min previously. The mixture was refluxed under nitrogen for 4 h.
A 20 ml three neck round bottom flask equipped in the same way as above was charged under inert atmosphere with 0.567g (1.5 mmol) monomer (3), 0.258g (1.5 mmol) 2,5-thiophenediboronic acid and 0.034g (0.03 mmol) Pd(PPh 3 ) 4 / 0.378g (1 mmol) monomer (3), 0.479 (1 mmol) 9,9-dioctylfluorene-2,7-diboronic acid and 0.017g (0.015 mmol) Pd(PPh 3 ) 4 . The mixture of solvents was introduced with a syringe through the septum. The reaction was maintained under vigorous stirring and with exclusion of oxygen and light for 24 h. The polymer was obtained by precipitation into methanol. The polymers were orange colored, with yields of 77.2 % (P-I); 90.8 % (P-II).
Analyses
NMR spectra were recorded on a400 MHz spectrometer (Bruker AC 400) using deuterated chloroform as a solvent. FTIR spectra were registered on KBr pellets using a DIGILAB-FTS 2000 spectrometer. UV-visible measurements were carried out on a Specord M42 Carl Zeiss Jena in tetrahydrofuran solutions. Thermogravimetric analyses were performed using a Mettler Toledo TGA-SDTA851 instrument, in nitrogen atmosphere. Structure of polymers was investigated by X-ray diffraction (XRD) using a Philips X'Pert apparatus. Polymer powders have been analyzed without further preparation after synthesis. The reported melting points were determined on a Boetius microscope and are uncorrected.
